Application No. Not Yet Assigned 
First Preliminary Amendment 



Docket No.: H0595.0029/P029 



REMARKS 



By this amendment, claims 1 and 3 have been amended. Claim 2 has been 
cancelled. Claims 1 and 3 are pending in the application. Applicants reserve the right 
to pursue the original claims and other claims in this and other applications. 

This application is a U.S. continuation application filed under 35 U.S.C. §11 1(a) 
claiming benefit under 35 U.S.C. §§120 and 365(c) of International Application No. 
PCT/KR2004/001426, filed on June 15, 2004, which claims benefit of priority from 
Korean patent application No. 10-2003-0038949, filed on June 16, 2003. The entire 
contents of the foregoing two applications are hereby incorporated by reference. 

Applicant has herewith submitted a substitute specification, claims omitted, in 
compliance with 37 C.F.R. §§ 1.121 and 1.125. The substitute specification includes no 
new matter. Mark-up and clean versions of the substitute specification are provided. 
Please replace the original specification with the substitute specification. 

In view of the above amendment, Applicant believes the pending application is 
in condition for allowance. 



Dated: December 16, 2005 




Thomas J. D'Amico 

Registration No.: 28,371 



Rachael Lea Leventhal 
Registration No.: 54,266 



DICKSTEIN SHAPIRO MORIN & 
OSHINSKY LLP 



2101 L Street NW 
Washington, DC 20037-1526 
(202) 785-9700 
Attorneys for Applicant 



DSMDB.20 19064.1 



5 



tp'561172 
MWRw'areWTO 1 6 DEC 200f 



A CIRCUIT FOR DETECTING ELECTRIC CURRENT 



CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a U. S. continuation application filed under 35 U.S.C. Sill (a) 
claiming benefit under 35 U.S.C. SSI 20 and 365(c) of International Application No. 
PCT/KR2004/001426. filed on Tune 15. 2004. which claims benefit of priority from 
Korean patent application No. 10-2003-0038949. filed on Tune 16. 2003. The entire 
contents of the foregoing two applications are hereby incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates to a circuit for detecting an electric current and, 
more particularly, to a circuit for detecting an electric current adapted to compensate a 
leakage current of a diode sensitive to temperature changes to improve accuracy and 
minimize errors. 



BACKGROUND OF THE INVENTION 

As is well known, an increasingly accepted trend of late for electric and 
electronic gadgets is a requirement for a more accurate load current control in 
controlling operations thereof. In order to discriminate whether a load current is 
accurately outputted in relation to a target value, it is necessary to be equipped with a 
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current detecting circuit where the load current is fed back for detection by way of a 
closed loop method. 

• 1 As illustrated in FIG. 1, a current detecting circuit according to the prior art 

includes a current transformer (CT) for receiving a load current to transform same to a 
5 small current of easy measurement, a resistor (Rl) disposed for establishing an output 
voltage level of the secondary winding side of the current transformer (CT) as a 
designed value, a diode (Dl) and a capacitor (CI) for half-wave rectifying and 
smoothening the alternating current output of the secondary winding side of the 
current transformer (CT) to thereby detect a peak value of a measured current, and an 
10 operational amplifier (OA) for buffering the output in relation to the peak value of the 
measured current detected by the diode (Dl) and the capacitor (CI). 

Current detection circuits adopted in cookers such as induction heating cookers 
and the like for heating food contained in cooking containers by flowing current on 
coils for generation of heat are easily exposed to high heat, whereby the entire 
15 temperature of the circuits is increased. An element most sensitive to temperature in 
the current detection circuits is a diode, and it is a well-known fact that a backward 
leakage current is increased in the diode as the temperature therein rises. 

An ideal forward current (A) flowing in a diode can be explained by FIG. 2(a). 
However, when the temperature is raised due to the influence of the surrounding 
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temperature, a leakage current (AA) flowing backward in the diode is increased to 
thereby decrease the forward current (A') flowing in the diode (A'=A-AA). 

In other words, there is a drawback in that an error can occur in the peak value 
of the load current detected by the diode and the capacitor due to changes of the 
forward current (A') flowing in the diode. 

SUMMARY OF THE INVENTION 

The present invention is disclosed to solve the aforementioned drawback and it 
is an object of the present invention to provide a circuit for detecting an electric current 
adapted to offset a change in current detection value in relation to an increase of 
backward leakage current caused by a temperature increase, thereby improving the 
accuracy of the load current detection and heightening the reliability of products. 

In accordance with a first embodiment of the present invention, a circuit for 
detecting an electric current is constructed to detect a peak value of an input current 
using a diode having a cathodc an anode connected to an input side and an anodc a 
cathode connected to an output side and a capacitor having one end connected to the 
anode cathode of the diode and the other end being grounded, wherein the circuit 
further comprises a zener diode having an anode a cathode connected to the anode 
cathode of the diode and a cathode an anode being grounded. 



DSMDB.2019796.1 



3 



Application No.: Not Yet Assigned Docket No.: H0595.0029/P029 

Substitute Specification Mark-up 

In accordance with a second embodiment of the present invention, a circuit for 
detecting a current is constructed to detect a peak value of an input current using a 
diode having a cathodc an anode connected to an input side and an anode a cathode 
connected to an output side and a capacitor having one end connected to the anode 
cathode of the diode and the other end being grounded, wherein the circuit further 
comprises a shunt resistor having one end connected to the anode cathode of the diode 
and the other end being grounded. 

In accordance with a third embodiment of the present invention, a circuit for 
detecting a current is constructed to detect a peak value of an input current using a 
diode having a cathodc an anode connected to an input side and an anode a cathode 
connected to an output side and a capacitor having one end connected to the anode 
cathode of the diode and the other end being grounded, wherein the circuit further 
comprises a zener diode having an anode a cathode connected to the anode cathode of 
the diode and a cathodc an anode being grounded, and a shunt resistor having one end 
connected to the a**ede -cathode of the diode and the other end being grounded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the nature and objects of the present invention, 
reference should be made to the following detailed description with the accompanying 
drawings, in which: 
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FIG. 1 is a schematic drawing for illustrating a current detecting circuit 
according to the prior art; 

FIG. 2(a) is a schematic drawing for illustrating an ideal forward current value of 
a diode shown in FIG. 1; 
5 FIG. 2(b) is a schematic drawing for illustrating a backward leakage current 

value caused due to the influence of temperature and a forward current value 
decreased by the backward current value in the diode of Fig. 1 ; 

FIG. 3 is a schematic drawing for illustrating a current detecting circuit 
according to the first embodiment of the present invention; 
10 FIG. 4(a) is a schematic drawing for illustrating an ideal forward current value of 

the diode shown in FIG. 3 ; 

FIG. 4(b) is a schematic drawing for illustrating a backward leakage current 
value caused due to the influence of temperature and a forward current value 
decreased by the backward current value in the diode of Fig. 3; 
15 FIG. 4(c) is a schematic drawing for illustrating a state of the backward leakage 

current value of the diode of FIG. 4(b) decreased by the zener diode of FIG. 3; 

FIG. 5 is a schematic drawing for illustrating a current detecting circuit 
according to a second embodiment of the present invention; 

FIG. 6(a) is a schematic drawing for illustrating an ideal forward current value of 
20 the diode of FIG. 5; 
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FIG. 6(b) is a schematic drawing for illustrating a backward leakage current 
value caused due to the influence of temperature and a forward current value 
decreased by the backward current value in the diode of Fig. 5; 

FIG. 6(c) is a schematic drawing for illustrating a state of the backward current 
value shown in FIG. 6(c) increased by a shunt resistor of FIG. 5; 

FIG. 7 is a schematic drawing for illustrating a current detecting circuit 
according to a third embodiment of the present invention; 

FIG. 8(a) is a schematic drawing for illustrating an ideal forward current value of 
a diode shown in FIG. 7; 

FIG. 8(b) is a schematic drawing for illustrating a backward leakage current 
value caused due to the influence of temperature and a forward current value 
decreased by the backward current value in the diode of Fig. 7; and 

FIG. 8(c) is a schematic drawing for illustrating the state of the forward current 
value of the diode shown in FIG. 8(b) decreased by a zener diode of FIG. 7 and the state 
of the forward current value of the diode increased by the shunt resistor shown in FIG. 
7. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The preferred embodiments of the present invention will now be described in 
■* detail with reference to the annexed drawings, where the present embodiments are not 
* limiting the scope of the present invention but is given only as an illustrative purpose. 
5 

[FIRST EMBODIMENT] 

FIG. 3 is a schematic drawing for illustrating a current detecting circuit 
according to the first embodiment of the present invention, where the current detecting 
circuit includes a current transformer (CT), a resistor (Rl), a diode (Dl), a capacitor 

10 (CI), an operational amplifier (OA) and a zener diode (ZD1). 

The current transformer (CT) receives a load current and transforms same to a 
small current that is easy for measurement and outputs same. The resistor (Rl) is 
connected to both endsr (3, 4) of a secondary winding of the current transformer (CT) in 
order to set up an output voltage at the secondary winding of the current transformer 

15 (CT). 

A cathode An anode of the diode (Dl) is connected to one end (3) of the 
secondary winding of the current transformer (CT) and an anodo a cathode of the diode 
(Dl) is connected to a non-inversion terminal (7) of the operational amplifier (OA). One 
end of the capacitor (CI) is connected to an anode a cathode of the diode (Dl) and the 
20 other end of the capacitor (CI) is grounded. 
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The non-inversion terminal of the operational amplifier (OA) is connected to the 
anode cathode of the diode (Dl), an anode a cathode of the zener diode(ZDl), and one 
end of the capacitor (CI), and an inversion terminal (6) and an output terminal (5) of 
the operational amplifier (OA) are connected to each other. 

The anode cathode of the zener diode (ZD1) is connected to the anode c athode of 
the diode (Dl), and the cathode anode of the zener diode(ZDl) is grounded. 

The operational effect of the first embodiment of the present invention thus 
constructed will now be described. 

The current transformer (CT) receives the load current of alternating current 
form at terminals (1, 2) of the first winding and transforms same to a small current of 
alternating current form for easy measurement and outputs same via terminals (3, 4) at 
the secondary winding. 

The alternating current output to the secondary winding of the current 
transformer (CT) is half-wave rectified by the diode (Dl) and omoothened smoothed b y 
the capacitor (CI), and a peak value of current output from the current transformer 
(CT) is detected by the diode (Dl) and the capacitor (CI). 

The peak current value detected by the diode (Dl) and the capacitor (CI) is 
buffered by the operational amplifier (OA), delayed momententarilv momentarily, and 
is then outputted. 
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For reference, the peak current value outputted from the operational amplifier 
(OA) is inputted to a control apparatus (such as a micro computer for controlling a 
current applied to coils of induction heating cookers or the like) and can be utilized as 
information for enabling the control apparatus to compare a target value with an 
actually-outputted load current. 

When the surrounding temperature is low, a normal forward current (A) 
flowing from a-ananode of the diode (Dl) to an anodo a cathode is a value as shown in 
FIG. 4(a). 

However, if the surrounding temperature of the diode (Dl) rises, a backward 
leakage current (AA) flowing from the anode cathode of the diode (Dl) to the cathode 
anode increases to decrease the forward current (A') of the diode (Dl) as illustrated in 
FIG. 4(b) (A'=A-AA). 

However, as illustrated in FIG. 4(c), the backward leakage current (AA) of the 
diode (Dl) decreases as much as an offset portion (AAz) due to the forward current of 
the zener diode (ZD1) because the forward current of the diode (Dl) is added by a 
forward current flowing to the a^ede -cathode from the cathode of the zener diode 
(ZD1), such that the value thereof is reduced to "AAa" (AAa = A A- AAz). 

As a result, the loss portion of the forward current of the diode (Dl) is greatly 
reduced, thereby resulting in less errors in the peak value of the detected load current. 
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[SECOND EMBODIMENT] 

FIG. 5 illustrates a current detecting circuit according to the second embodiment 
of the present invention, where the circuit includes a current transformer (CT), a 
resistor (Rl), a diode (Dl), a capacitor (CI), an operational amplifier (OA) and a shunt 
resistor (R2). 

The current transformer (CT) receives a load current, transforms same to a small 
current that is easy for measurement and outputs same. The resistor (Rl) is connected 
to both ends (3, 4) of a secondary winding of the current transformer in order to set up 
an output voltage at the secondary winding of the current transformer. 

A cathodc An anode of the diode (Dl) is connected to one end (3) of the 
secondary winding of the current transformer and an anode a cathode of the diode (Dl) 
is connected to a non-inversion terminal (7) of the operational amplifier (OA). One end 
of the capacitor (CI) is connected to an anode a cathode of the diode (Dl) and the other 
end of the capacitor (CI) is grounded. 

The non-inversion terminal of the operational amplifier (OA) is connected to the 
anode cathode of the diode (Dl), one end of the capacitor (CI), and one end of the 
shunt resistor (R2) and an inversion terminal (6) and an output terminal (5) of the 
operational amplifier (OA) are connected to each other. 

One end of the shunt resistor (R2) is connected to the anode c athode of the diode 
(Dl), and the other end of the shunt resistor (R2) is grounded. 

10 
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The operational effect of the second embodiment of the present invention thus 
constructed will now be described. 

The current transformer (CT) receives the load current of alternating current 
form at terminals (1, 2) of the first winding and transforms same to a small current of 
5 alternating current form for easy measurement and outputs same via terminals (3, 4) at 
the secondary winding. 

The alternating current outputted to the secondary winding of the current 
transformer (CT) is half-wave rectified by the diode (Dl) and omoothoned smoothed b y 
the capacitor (CI), and the peak value of the current output from the current 
10 transformer (CT) is detected by the diode (Dl) and the capacitor (CI). 

The peak current value detected by the diode (Dl) and the capacitor (CI) is 
buffered by the operational amplifier (OA), delayed momentarily and is then 
outputted. 

For reference, the peak current value output from the operational amplifier (OA) 
15 is inputted to a control apparatus (such as a micro computer for controlling the current 
applied to coils of induction heating cookers or the like) and can be utilized as 
information for enabling the control apparatus to compare a target value with an 
actually-outputted load current. 

11 
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When the surrounding temperature is low, a normal forward current (A) 
flowing from a-ananode of the diode (Dl) to an anodc a cathode is a value as shown in 
FIG. 6(a). 

However, if the ambient temperature of the diode (Dl) rises, a backward leakage 
current (AA) flowing from the anode cathode of the diode (Dl) to the cathode anode 
becomes increased to decrease the forward current (A') of the diode (Dl) as illustrated 
in FIG. 6(b) (A=A-AA). 

However, as illustrated in FIG 6(c), the forward current (aA') of the diode (Dl) is 
further increased by the installation of the shunt resistor (R2) to offset the loss portion 
caused by the backward leakage current (AA) of the diode (Dl), thereby minimizing 
error in the peak value of the detected load current. 

Further elaboration on the operation where the forward current (aA') of the 
diode (Dl) by way of the shunt resistor (R2) is provided below. 

Theoretically, a route to the non-inversion terminal (7) of the operational 
amplifier (OA) from the anode cathode of the diode (Dl) is equivalent to an open 
circuit without the shunt resistor (R2), such that the current actually flowing through 
the diode (Dl) is relatively weak. 

When the shunt resistor (R2) is connected to the anode cathode of the diode (Dl) 
to be grounded, a closed circuit formed by the anode cathode of the diode (Dl) 
connected to the ground via the shunt resistor (R2) is constructed, thereby generating a 

12 
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current flowing from the a^ede -cathode of the diode (Dl) to the ground via the shunt 
resistor (R2). 

In other words, the sum of the current flowing via the diode (Dl) is further 
enlarged by the current flowing to the ground side to increase the forward current 
(a A 7 ) of the diode (Dl), by which the loss portion caused by the backward leakage 
current (A A) of the diode (Dl) can be counterbalanced. 

[THIRD EMBODIMENT] 

FIG. 7 illustrates a current detecting circuit according to the third embodiment of 
the present invention, where the circuit includes a current transformer (CT), a resistor 
(Rl), a diode (Dl), a capacitor (CI), an operational amplifier (OA), zener diode (ZD1) 
and a shunt resistor (R2). 

The current transformer (CT) receives a load current and transforms same to a 
small current that is easy for measurement and outputs same. The resistor (Rl) is 
connected to both ends (3, 4) of a secondary winding of the current transformer in order 
to set up an output voltage at the secondary winding of the current transformer. 

A cathodo An anode of the diode (Dl) is connected to one end (3) of the 
secondary winding of the current transformer and an anodo a cathode of the diode (Dl) 
is connected to a non-inversion terminal (7) of the operational amplifier (OA). One end 
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of the capacitor (CI) is connected to an anodc a cathode of the diode (Dl) and the other 

end of the capacitor (CI) is grounded. 

The non-inversion terminal of the operational amplifier (OA) is connected to the 
* anode cathode of the diode(Dl), an anode a cathode of the zener diode (ZD1), one end of 
5 the capacitor (CI), and one end of the shunt resistor (R2), and an inversion terminal (6) 

and an output terminal (5) of the operational amplifier (OA) are connected to each 

other. 

An anodc A cathode of the zener diode (ZD1) is connected to the anode cathode 
of the diode (Dl), and a cathode an anode of the zener diode (ZD1) is grounded while 
10 one end of the shunt resistor (R2) is connected to the anode cathode of the diode (Dl), 
and the other end of the shunt resistor (R2) is grounded. 

The operational effect of the third embodiment of the present invention thus 
constructed will now be described. 

The current transformer (CT) receives the load current of alternating current 
15 form at terminals(l, 2) of the first winding and transforms same to a small current of 
alternating current form for easy measurement and outputs same via terminals (3, 4) at 
the secondary winding. 

The alternating current outputted to the secondary winding of the current 
transformer (CT) is half-wave rectified by the diode (Dl) and smoothencd smoothed b y 

14 
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the capacitor (CI), and a peak value of the current output from the current transformer 
(CT) is detected by the diode (Dl) and the capacitor (CI). 

The peak current value detected by the diode (Dl) and the capacitor (Cl) is 
buffered by the operational amplifier (OA), delayed momentarily and is then 
outputted. 

For reference, the peak current value output from the operational amplifier (OA) 
is inputted to a control apparatus (such as a micro computer for controlling the current 
applied to coils of induction heating cookers or the like) and can be utilized as 
information for enabling the control apparatus to compare a target value with an 
actually-outputted load current. 

When the surrounding temperature is low, a normal forward current (A) 
flowing from a cathode anode of the diode (Dl) to an anode a cathode is value as shown 
in FIG. 8(a). 

However, if the surrounding temperature of the diode (Dl) rises, a backward 
leakage current (AA) flowing from the a^ede -cathode of the diode (Dl) to the cathode 
anodebecomes increased to decrease the forward current (A') of the diode (Dl) as 
illustrated in FIG. 8(b) (A=A-AA). 

However, as illustrated in FIG. 8(c), when the forward current of the diode (Dl) 
is added by the forward current flowing to the anede -cathode f rom the cathode of the 
zener diode (ZD1), the backward leakage current (AA) of the diode (Dl) is decreased by 

15 
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the forward current of the zener diode (ZD1) as much as an offset portion (AAz), such 
that the value thereof is decreased to "AAa" (AAa = A A- AAz). 

At the same time, as illustrated in FIG. 8(c), the forward current (aA') of the 
5 diode (Dl) is further increased by the shunt resistor (R2) to enable to counterbalance the 
loss portion caused by the backward leakage current (AA). 

In other words, the loss portion caused by the backward leakage current (AAa) 
of the diode (Dl) is first decreased by the forward current of the zener diode (ZD1) in 
relation to the backward leakage current (AA) of the diode (Dl), 
10 Second, the forward current (aA 7 ) of the diode (Dl) is increased by the shunt 

resistor (R2) to further decrease the loss portion in relation to the backward leakage 
current (AAa) of the diode (Dl). As a result, error in relation to the peak value of the 
detected load current can be minimized. 

An elaborate explanation about the operation where the forward current (aA') of 
15 the diode (Dl) is increased by the shunt resistor (R2) will be described below. 

Theoretically, a route to the non-inversion terminal (7) of the operational 
amplifier (OA) from the anode cathode of the diode (Dl) is equivalent to an open 
circuit without the shunt resistor (R2), such that the current actually flowing through 
the diode (Dl) is relatively weak. 
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When the shunt resistor (R2) is connected to the anode cathode of the diode (Dl) 
to be grounded, a closed circuit formed by the anode cathode of the diode (Dl) 
connected to the ground via the shunt resistor (R2) is constructed, thereby generating a 
current flowing from the anode cathode of the diode (Dl) to the ground via the shunt 
resistor (R2). 

In other words, the sum of the current flowing via the diode (Dl) is further 
enlarged by the current flowing to the ground side to increase the forward current 
(aA') of the diode (Dl), by which the loss portion caused by the backward leakage 
current (AA) of the diode (Dl) can be counterbalanced. 

As apparent from the foregoing, there is an advantage in the circuit for detecting 
an electric current thus described according to the embodiments of the present 
invention in that the loss portion of the forward current caused by the backward 
leakage current of the diode generated by the influence of temperature increase can be 
compensated such that error in the peak value of load current detected by the 
surrounding high temperature can be minimized. 

There is another advantage in that credibility reliability can be increased for 
electric instruments that call for an accurate control of the load current and that 
generate a high temperature such as induction heating cookers, induction heaters and 
the like. 
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The foregoing description of the preferred embodiments of the present invention 
has been presented for the purpose of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise form disclosed, and modifications 
and variations are possible in light of the above teachings or may be acquired from 
practice of the invention. It is intended that the scope of the invention be defined by the 
claims appended hereto, and their equivalents. 
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